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THE IOW-SPEED LIFT AND DRAG CHARACTERISTICS OF A
SERIES OF ATRPIANE MODELS HAVING TRIANGULAR
OR MODIFIED TRIANGULAR WINGS

By David Graham

SUMMARY

This report summarizes the 1ift and drag characteristics of a series
of five low-aspect-ratio triangular-wing or modified triangulsr-wing
airplane models. The series consists of three triangular wings of aspect
ratios 2, 3, and 4, and two modified triangular wings of aspect ratio 2
having taper ratios of 0.20 and 0.33. ZEach of the wings was tested in
combination with a high-fineness-ratio fuselage, a triangular vertical
tail, and an unswepti, all-movable horizontel tail. The Reynolds number
of the tests varied from approximately 11 million for the aspect ratio 4
triangular wing to 15 million for the aspect ratio 2 triangular wing.

The dynamic pressure of the tests was sapproximately 25 pounds per square
foot and the Mach number was 0.13.

The experimental 1ift and drag charscteristics of the five models
are compared with existing theory. The relative merits of the models
with respect to wing loading sattainable for a given set of landing con-
ditions are investigated.

The results of a comparlson of the 1ift and drag characteristics
of the five models indlicate the following:

1. The effects of aspect ratioc and taper ratio on the lift-curve
slope at zero 1ift were as predicted by theory, and theory can be used
to predict the lift-curve slope at zeroc 1ift for the subject wings and
the incremente of 1lift due tc flap deflectlon at zero angle of attack
for the aspect ratio 3 and U4t wings. For the aspect ratio 2 wings, the
experimental increments of 1ift due to flap deflection were about 20 per-
cent higher than the computed increments.

2. The experimental variation of drag due to 1ift for the wings
with undeflected fleps and the variations given by lnviscid potential-
flow theory were in good agreement only up to 1ift coefficients of sbout
0.2. At the higher 1ift Jents, experiment and separated-flow
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theory are In closer agreement. Deflecting the flaps resulted irn large
decreases in drag at these higher 11ft coefficients which are of interest <
for low-speed flight. ' ..

A comparison of the five models on the basis of wing loadings indi-
cates that the cholce of a plan form that could carry the highest wing
loading for any given landing speed would depend on the maximum permis-
slble ground attitude. Another factor that Iinfluences this comparlson
is the fact that the ground effect for the triangular wings lncreases
significantly with decreasing aspect ratio. —

INTRODUCTION . . . —

The low-speed aerodynamic characteristics at high Reynolds number .
of a systematic series of alrplane models having wings of triasngular and
modified triangular plan forms have been reported in detail in references
1 to 6. Three triangular-wing models employing wings of aspect ratios
2, 3, and 4 were investigated to determine the effect of aspect ratio.
The trlangular wing of aspect ratio 2 together with two modified tri-
angular wings having aspect ratios of 2 and taper ratios of 0.20 and 0.33
were usged to determine the effect of taper ratio at a constant aspect
ratio. Fach of these wings was. tested in combination with a high-
fineness~ratio fuselage, a trilangular vertical tail, and an unswept all-
movable horizontal tail.

The results of tests of each of the five models were generally =
reported separately and without analysis of the resulta in order to
expedite thelr publication. There is a heed, therefore, for a summari-
zation of the results, an evaluation of the relative merits of the models
from the standpoint of thelr low-speed characteristics, and a determina-
tion of the applicabllity of theory for ‘the predictlon of the character-
istics of gimlilar models. It 1s the purpose of thisg report to accomplish
the foregoing objective with respect to the 1lift and drag characteristice
of the models. Some pitching-moment data are included herein, although
it is not the purpose of this report to summerize and discuss the stabill-

ity of the models. ' T o
NOTATION.

A aspect ratio, %; - - . . . .u.. i%

b wing span, ft _ : b o o o =

by | horizontal-tail span, ft B S L

c wing chord, measured parsasllel to blane of symmetry, ft
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o1

ig

L/D

mean aerodynami7 chord of wing, measured parallel to plane of
b/2
I Pay
synmetry, s Tt
b/z
f c dy

o

D

drag coefficient, Eg

1lifPt coefficient, —%
as

pitching-moment coefflcient, —ie

gSc

total drag, 1b

height of quarter-chord point of root chord of wing above the
ground, ft

horizontal-tail incidence relative to the wing-chord plane, deg
total 1ift, 1ib
lift-drag ratio

distance from center-of-gravity location to pivot line of horizon-
tal tail, £t

total pltching moment about the center of gravity, £i-lb
free~-gtream dynamic pressure, lb/sq It

wing area, sq £t

horizontal=-tall ares, sq ft

thrust, 1b

horizontal speed, mph

sinking speed, ft/sec

airplane weight, 1b

lateral coordinate perpendicular to plane of symmetry, £t

free-gtream angle of attack with reference to the wing-chord plane,

deg i .
TNy
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Qg ground angle with reference to the wing-chord plane, deg
Sf flgp deflectlon, measured in a plane perpendicular to hinge line,

eg : : -
A taper ratio, tip chord :

root chord
MODELS

Drawings of the models are shown in figure 1, and figure 2 shows
one of the models in the Ames 40- by 80-foot wind tunnel. The pertinent
dimensional data are presented in teble I and figure l.

The wings having taper ratics of 0.20 and 9.33 were obtained by
removing portions of the tips of the aspect ratic 3 and 4 triangular
wings, respectively, such that the resulting aspect ratic of each was 2.
The airfoil sections of all the wings, taken parallel to the model center
iine, were NACA 0005 sections modified by using a stralght-line fairing
from the 67-percent-chord station to the trailing edge. The ordinates
of the airfoll section are given in table II. A further modification to
the airfoll sectlon was necessary for the aspect ratio 3 triangulsr wing
end aspect ratio 2, taper ratio 0.20 wing. This addlitional modification,
required because of the construction technique used, was located a con-
siderable distence back of the leading edge and, hence, should have
inglgnificant effect on the low-speed characteristics. The details of
the modification can be found in references 5 and 6. The models were
all equlpped with single-slotted trailing-edge flaps. The flap plan
forms are shown in figure 1. Further detailed descriptlions and dlmensions
of the models are given in references 1 through 6.

TEST CONDITIONS AND CORRECTIONS TO DATA

The Reynolds numbers of the tests, based on the mesn aerodynamic
chord, sre listed in teble III for the five models. The dynamic pressure
of the tests was approximately 25 lb/sq ft and the Mach number was 0.13.

The data were corrected for wind—tunnel —wall effects and support-
gtrut interference. :

RESULTS

The basic 1ift end drag characteristics of the five models, with and
without the horizomtal talls, are summarized herein. Although it 1s
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beyond the scope of this report to analyze and discuss longitudinal
stability, a limited amount of pitching-moment data for the five models
is presented because of the influence of these dsta on trim 1ift and drag
characteristics. The pitching-moment data for the models without the
horizontal talls are referred to the quarter-chord point of the mean
aerodynamic chord. In order to facilitate the discussion, the pitching-
moment data for the complete models are referred to center-of-gravity
locations for which a value of (de/dCL) _ o ©of -0. 06 was obtained

for each model when the trailing-edge flaps and the horizontal teil were
undeflected. The center=-of-gravity locations for the five complete models
are listed in table IV.

Although all the models were tested with the horizontal tails located
in various vertical positlons, the data for the models with the horizontal
tails included herein are limited to the case of the horizontal tail in
the extended wing-chord plane. This position of the horizontal tail has
been shown to give the best longitudinsl stability at low speeds for all
the models. For further information see references 1, 3, 5, and 6.

The basic 1lift, drag, and pltching-moment characteristics of the
three triangular-wing models and three asspect ratio 2 wing models without
the horizontal tails are presented in figures 3 and 4, respectively. The
1ift, drag, and pitching-moment characteristics of the complete
triangular-wing models and the aspect ratic 2 wing models are presented
in figures 5 and 6, respectively. These data are presented for the
models with the horizontal tails set at 0° incidence.

DISCUSSION

The discussion is divided into two mealn parts. The first part is
concerned with an examinetion of the experimental dsta to show the effects
of the various model configurations on important 1ift end drag paremeters.
In addition, comparisons of theoretical results with corresponding experi-
mental results sre made where possible., In the second part of the dis-
cussion, an evalustion is made of the relative merits of the various
models with respect to wing loadings and thrust required to maintain a
given landing speed and sinking speed.

Examination of Experimental Resulta and
Comparison With Theoretical Results

Iift due to angle of attack.- The effects of aspect ratioc and taper

ratio on the lift-curve slope at zero angle of attack of the triangular
and aspect ratio 2 wing models are shown in figure 7. In addition to the
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experimental variations shown for the wing-fuselage models, the theoreti-
cal values of lift~curve slope for the winge alone as given by the theory
of reference T are included. The theoreticel wing-alone values were used
tor the comparison since, as shown by the experimentel results of refer-
ences 8 and 3, the effect on the lift-curve slope of the addition of a
fugelage to aspect ratio 2 and 4 trianguler wings, respectively, was small.
It therefore seems reasonable to assume that the effect of the addition

of the fuselage to the other three wings 1s also small.

The correlation of the theoretical wvalues of CLa with the experi-

mental values indicates that the wing-alohe theory of reference T can be
used to predict the effects of aspect ratio and taper ratioc on the 1ift-
curve slopes of low-aspect ratio w1ng-fuselage configurations at low
angles of attack.

As will be noted from the basle 1lift curves (figs. 3 and 4) for the
various models, the values of lift-curve slope at zero 1lift coefficient
are not generally applicable in estimating the 1ift at angles of attack
required for landing. A measure of the departure of the lift-curve slope
from linearity is shown by filgure 8, wherein the ratio of

cr/ [(CLCL)CL _o X cr,] is plotted as & function of angle of attack.

C and o for C o= Maximum 1ift coefficient 1s only of
Lyax Lmax Y

ninor interest for most of the wings because of the large asngles of
attack involved. Hence, no specilal effort was made to determine the
values of CLmax for all models, the only values determined belng those

for the aspect ratio 3 and &4 triangulasr wings. The values of Cy
and o for Cr which were determined are shown in figure 9 along

with values for an aspect ratio 2 wing s8ldne obtained from reference 9.

The value of CLm for the agpect ratio 2 wing alone is belleved
ax

Lmax
based on the data of fuselage effects whi¢h are given in reference 8.
Small-gcale tests on wing-alone models (refs. 10 and 11) indicete that

the Cy for trianghlar wings would be a maximum for the aspect ratio 2

to be indicative of C for the wing-fuselage model; this bellef is

wings. For an aspect-ratio range above U4, the rate of change of Cr
with aspect ratio would be reduced.

The effect of taper ratio on the Cy of aspect ratio 2 wings is

indicated by the shape of the 1lift curves at the higheat a's reached
(see fig. 4(a)). For these wings, CLm - would decrease with increasing
values of teper ratio. : ax
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Lift due to flap deflection.- The variation of flap effectiveness
with @spect ratio of the triangulsr-wing models, and with taper ratio of
the aspect ratio 2 models cannot be determined from the experimental date,
s8ince the flap plan form and ratio of flap area to wing area was not the
same for all models. It is possible, however, to compare the experimental
and theoretical increments of 1lift due to flap deflection of each model
to determine the applicablility of theory. This comparison i1s provided
in figure 10 where the increments of 1ift obtained at 0° angle of attack
for flap deflections of 40° are compared with those computed by the theory
of reference 12,1 Also included in figure 10 are the experimental and
computed increments of 1ift due to flaps obtained for two wing-alone,
agpect ratio 2 wings. One of these wings had the slotted, constant-
percent~chord flap used on the wing-fuselsge model and extended to the
wing center line. The second wing had a constant-chord, sedled,
20-percent-wing ares, plain flap with the flep deflected only 10° (data
from ref. 9).

The theoretical values were determined by the following method:
Although the simpliified 1ifting-surface theory of reference 12 1is for
wings alone, it was applied to the wing-fuselage combination, in which
case the assumption was made that only the actual flap ares was effective
(i.e., the flsp was not assumed to extend across the fuselage). The two-
dimensional values. of the parameter dn/db shown iIn figure 11 were used
for the calculation.

The comparisons of the theoretical flap 1lift increments with the
measured values show the following results: There 1s good agreement
between the theoretical and experimental values for the triangular wings
of aspect ratios 3 and Y4; whereas, for all the wings of aspect ratio 2,
the experimental values were about 20 percent higher than the theoretical
values. As noted in reference 12, this discrepancy is probably due to
the use of values of du/db vhich were obtained in two-dimensional tests
and epplied to low-aspect-ratio wings which approach the lower limit of
aspect ratios for which the da/ﬁﬁ concept has been Judged acceptable.
The asgsumption that the flaps did not extend across the fuselage made in
the calculation of the increments of 1lift due to flap deflection is shown
to be a good one by the resulis shown in figure 10, where the deviation
of the increment of CL computed for the wing-alone and the wing-fuselage
model having the constant-percent-chord flep are spproximetely the seame.

Increments of 1lift at an angle of attack of 0° do not always give
a reliable indication of the flap effectiveness at the higher angles of
attack. This is shown in figure 12 wvherein the ratioc of the increment
of 1ift at each angle of attack to the increment of 1ift at 0° angle of
attack is plotted as & function of angle of attack. Up to an angle of
attack of 16°, the ratios for the aspect ratio 2 wings were equal to or

1The assumption was made in the calculation thet the increment of 1lift
due to flap deflection was linear up to a flap deflection of 40°, The
results of reference 1 show this to be the case for the aspect ratlo 2

triangular wing.
L .. T3
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greater than 1, while the ratio for the asdpect ratio 3 aqq:h wings
decreased, so that at 16° angle of attack there were losses from the value
of &C;, at a= 0° of approximately 20 percent and 40 percent, respect-
ively. T C

Drag due to 1lift.- The span efficiency factor e 1is commonly used
to compare the experimental and theoreticdl drag due to 1ift. This
paremeter is of little value for the present wings because the variation
of Cp with C;® for each of the wings was not linear, as has been the
case for wings of conventional plan form. ' It appears that the best method
of comparison for the present wings is on the basls of the degree of '
aggeement between experimental and theoreticel veriations of Cp with

2.

In order to indicate the degree of agreement, experimental and
theoretical variations for the various models are given in figure 13.
Two types of theoretical veriations are shown. One variation, Cpy with
CL2 given by the theory of reference 7, is for the condition of unsepa-
rated or inviscid potential f£flow. The ot@er variation, CL tan o with

Cr2, is for a condition of completely separated flow on the wing such

t%at the resultant force 1s normal to the chord plane. Both theoretical
variations are for the wing alone with undeflected flaps, and the experi-
mental variations shown are for the wing-fuselage model with flaps
undeflected and deflected 40°. fThe experlimental velue of the drag coef~
ficient at Cp = O, CDO, for the models with undeflected flaps was assumed

to be the profile drag through the 1ift range.

The degree of agreement between the experimentel variation for each
wing with undeflected flaps and the corresponding two theoretical vari-
ations is dependent upon the 1ift coefficlient. Only at low 1lift coef-
ficlients (less than 0.2) was there good agreement between experiment and
the inviscid potentlal theory. At the higher 1ift coefficients, which
are of Ilnterest for low-speed flight, experiment and the completely
separated-flow theory are in closer agreement. This is indicated, for
example, in the following table which gives ratios of experimental Cp

to the Cp given by the separated-flow theory, for a 1lift coefficient
of 0.9:

Wing model CDeXP/(CDO + Cp, ten )
A, by A, O T 0.0
A, 35 A, © _.82
A, 2; N\, O .85
A, 25 A, 0.20 ' n .82
A, 25 A 0.33 ' © 90
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Also of imporitance to note from the variations of Cp with the
square of CL .1s the large effect of the flaps. At values of Cy of

interest for low-speed flight, large reductions in Cp resulted from
deflecting the fleps. These reductions of drag with the flaps deflected
resulted from a variation of Cp with the square of C; that was close
to that given by the inviscid potential theory over a wider (p range
than was the case for flaps undeflected.

Trim 11ft and drag characteristics.- The effects of aspect ratio of
the triangular-wing models, and teper ratic of the aspect ratio 2 wing
models on trim CL with a 6-percent static margin are shown in figures
14 and 15, respectively; the aspect-ratioc effects, and the taper-ratio
effects on trim L/D are shown in figures 16 and 17, respectively. The
effecte shown are directly those of aspect ratio and taper ratio only for
the flaps-undeflected case and for the given static mergin. With the
Plaps deflected there were also effects of varying the flap plan form
and. varying the ratio-of-flap erea to wing ares.

The loss in ACL at o = 0° which results from trimming out the

increments of Cp due to flap deflection is shown in Pigure 18. For a
6-percent static margin, the reduction in AC; &t o = 0° varied from
approximately 15 percent for the aspect ratio 4 triangular-wing model
to 24 percent for the aspect ratio 2 trisngular-wing model.

In order to eliminate the effects of differences in flaps, estimates
have been made of the trim 1ift and drag characteristics of the models
with flaps of the same plan form and same ratio-of-flap areas toc wing area.
The assumed models had the ratios of dimensions of the compornents used
for the trianguler-wing models. Full-span, constant-chord, 20-percent-
wing-area flaps were assumed. Increments of Cj due %o Lo® flep deflec-
tion were computed by the use of the theory of reference 12 and corrected
by factors established from the experimental data (e.g., ratios indicated
by figs. 10, 12, and 18).

The drag coefficients were computed in the following manner: The
experimental increments of Cp and C;® obtained at a given angle of
attack for a 40° deflection of the flaps of each model were used to com=-
pute the drag ue to lift. The near linear curve of ACp versus A(C;Z)
thus obtained was extrapolated to the higher Cy's for the assumed flaps.
An increment of drag coefficlent due to lasnding gears wes alsc Included.
For the type of gear considered this incremental drag coefficient varied
from 0.026 at a = 0° 40 a value of zero at the maximum angle of attack
end is based on unpublished date from the Ames 40- by 80-foot wind itunnel.
The computed 1ift curves and lift-drag ratios are shown in figures 19 and
20, respectively.

The effecte of aspect ratio and teper ratio indicated by the esti-
mated characteristics are qualitatively the same as those indicated by

— )
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the experimental characteristics for the actual flaps used. Since, how-
ever, the areas of the assumed flaps were larger than the areas of the
tested flaps, there are quantitative differences, as are indicated by
the following table which shows values of trimmed C; and L/D at an
assumed landing angle of attack of 16°. : =

Experimental for Eatimated foF

Model actual flaps assumed flaps

cy, L/D cy, /D

A= h‘, x = 0 1.20 3-1 1-37 207
A=3,A=0 1.21 3.2 S I 1 § 2.9
A=2, A=0 1.0k 2.9 1.27 2.4
A =2, A= 0.20 1.22 3.1 1.38 2.9
A=2, A= 0.33 1.29 3.1 1.45 2.7

It is interesting to note that the aspect ratio 2, teper ratio 0.33
wing had the highest value of Cp tm at the agsumed landing anglie of

of attack. : o : -

The values of CLtrim given for the same angle of attack are not

necessarily indicative, however, of those for a glven ground attltude
because of ground effects and effects of finlte values of sinking apeed.
Therefore, these effects will be consildered ln the following section of
the report. T : : -

Evaluation of Landing Performance of the Varlous Models

This sectlon of the report compares the landing performence of the
varlous models in terms of attainable wing loading and the thrust required
to maintain g given landing speed and sinking speed.

Relative merits of the models at a given landing speed and sinking
speed.~ A comparison of the models on a basis of attainable wing loadings
at various ground engles is shown in figure 21. The wing loadings were
computed assuming the followlng condlitions:

1. Sinking speed Vy 1sg zero, thus making the ground angle equal
to the angle of attack.

2. Horizontal speed Vi 1is 120 mph.

3. Model is equipped with the assumed 20~percent-ares flaps
deflected L40°, : _ L '
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4, Sufficient thrust to maintain the specified speeds is provided
along an axis formed by the intersection of the model plane of symmetry
and the wing-chord plane. These thrusts are shown in figure 21 as required
thrust per square foot of wing area versus wing loading.

5. Static margin at C; =0 1is 6 percent.

Included in figure 21 are the wing loading asnd thrust curves for a
tailless, aspect ratio 2.31, triangular-wing model. The dats for the
tailless model were obtaeined from references 1 and 13.

Up to an angle of attack of 12.5°, the aspect ratic 4 triangular-
wing model could carry the highest wing loading and would require the
least amount of thrust for those wing loadings. In the range of angles
of attack from 12.5° to 189, the aspect ratio 2, taper ratio 0.33 model
could carry the highest wing loadings, while it appears that at angles
of attack higher than 18°, the aspect ratio 3 trianguler-wing model would
be able to carry the highest wing loadings.

Throughout the angle-~of~attack range the aspect ratioc 2 triangular-~
wing model with the horizontal tail was capsble of cerrying from 20 to
30 lb/sq ft more wing loading than the tailless model. In addition, for
wing loadings above 30 lb/sq ft, the model with the horizontal tail
requlred lesse thrust to maintain the specified flight conditions then did
the tailless model.

The fact that these comparisons are only for one specifled low-speed
Tlight condition should be borne in mind. Any advantages of one con-
figuration over another at this specified £iight condition may be over-
shadowed by comparisons of the characteristics at high speed. Another
point is that these comparisons were made for an arbitrarily chosen
static margin of 6 percent for all models. Changes in static margin
would alter the comparisons of the relative merits of the models.

Effect of sinking speed.-~ One condition, neglected in the foregoing
calculated results, that could make significant changes in the attainable
wing loadings 1la the effect of sinking speed. The major effects of
increasing the sinking speed, while holding the horizontal speed constant,
would be reductions in the values of ag and T/S which would be required
for a given wing loasding. ¥For a given sinking speed, the changes in
Gg and T/S for ail the models would be spproximately the same. As an
example of the changes in g and. T/S thaet would result from an increase
in sinking speed, the wvariation of asttalnable wing loadings and required
thrusts are shown in figure 22 for the aspect ratio 2 trisngular-wing
model for three assumed sinking speeds. It will be noted that for a
given wing loeding, a 10 ft/sec increase in sinking speed results in a
reduction of ag of approximately 3° and reductions of T/S from
2 to 3 lb/sq ft. Since the meximm wing loading a model could carry,

agsuming no flere in thg_landing proce@gre,'is limited by the maximum

gl
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1ift coefficient of that model, there would be no change 1n maximum wing i
loading due to s change in sinking speed:. Tl

Effect of proximity to the ground.- Another conditlon that could - .
make a slgnificent change Iin the attainable wing loading is the effect
of proximity of the model to the ground, or ground effect. The effect
of proximity to the ground was considered for the three trianguler-wing
models. The theory of reference 1lh was used for the calculation of ground
effect. The theory was substantiated by a limited comparison of experi- .
mentel (unpublished data) and calculated ground effects for low-aspect- L
ratio swept—wing airplane models. The Following assumptions were made '
for the calculetlons:

l. Height of the guarter chord of the root chord above the ground
is T feet.

i

2. The downwash at the horizontal tail is zero since the tail is L;m
in the proximity of the ground.

13
-l

3. Flaps are deflected LO° and there is no change in flep effective-
ness in the presence of the ground. :

4. The sinking speed V; is zero.
5. Horizontal speed V), 1s 120 mph. ~ T T

6. Sufficient thrust is provided.te maintein conditions 4 and 5
above. S o ' '

The results of these calculations for the trlangular-wing models are -——-
given in figure 23 and show that the ground effect increases with decreas-
ing aspect ratio. At 16° angle of attack the maximum wing loading of
the aspect ratio 2 wing was increased from 52.5 to 58.8 1b/sq ft, a gain
of 12 percent. At the same angle of attack, the wing loading of the
asgpect ratio 3 wing was increased from 57.3 to 53.7 lb/sq ft, a gain of
L rercent, while there was a slight loss for the aspect ratio 4 wing.

As a result of the greater ground effect for the aspect ratlo 2 wing than
that for the aspect ratio 3 wing, the aspect rgtio 2 triangular wing is
capable of carrying wing loadipgs equal to those for the aspect ratio 3
wing at angles of attack above 18°. 1t is thus evident that, 1f a choice
of an optimum configuration is to be made on the basis of the maximum
possible wing loadings that could be carried at landing, the effect of the )
proximity of the ground should be determined for the configuratlons to —
be compared. L ;
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CONCILUDING REMARKS

The results of a comparison of the 1ift and drag characteristics
of five airplane models heving triangular or modified triangular wings
indicate the following:

1. The effects of aspect ratio and taper raitlio on the lift-~curve
slope at zero 1ift are as predicted by theory, that is, increasing 1ift-
curve slope with increasing aspect rgtio for the triangular wings and
increasing lift-curve slope with increasing taper ratio for the aspect
ratio 2 wings.

2. Available theory can be used to predict the increments of 1ift
due to flep deflection at zero angles of attack for the aspect ratio 3
and 4 wings. For the aspect ratio 2 wings, the experimental increments
of 1ift due to flap deflection were about 20 percent higher than the com-
puted lncrements.

3. For the three trilangular wings tested, the maximum 1ift coef-
ficlent decreased with increasing aspect ratlo. For the three aspect
ratio 2 wings, a decrease in maximum 1ift coefficient with increasing
taper retio is indicated.

b, The experimentel variation of drag due to 1lift for the wings
with undeflected flaps and the variations given by inviscld potentiel-
flow theory were in good agreement only up to a 1ift coefficient of about
0:2. At higher 1ift coefficients, experiment and theory for completely
separated flow are in closer agreement. For the subject wings at a 1lift
coefficient of 0.9, the experimental drag coefficient varied from 82 %o
91 percent of the drag coefficlent given by separated-flow theory.
Deflecting the flaps resulted in large reductions in drag through the
lift-coefficient range of interest for low-speed £light. For this con-
dition the experimental varlation of dreg with 1ift appears to be in
much better agreement with the inviscid potentlal-flow theory than does
the variation for the wing with flaps undeflected.

The results of comparing the five complete airplene models on the
bagsis of attalnable wing loadings at various angles of attack show the
following:

1. The choice of a plan form that could carry the highest wing
loading for any glven landing speed would depend on the maximum permis-
sible ground attitude. Calculation of the wing loedings for a fixed
horizontal speed of 120 mph and assuming no ground effect show that at
the lowest angles of sttack, the aspect ratio & triangular wing could
carry the highest wing loadings. Through the middle and high range of
angles of attack, the aspect ratio 2, taper ratio 0.33 and aspect ratio
3 triangular wings, respectively, could carry the highest wing loadings.

-
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2. The ground effect for the triangular wings increases with decreas=-
ing aspect ratio, enabling the aspect ratio 2 triangular wing to equal the
maximum wing-losding cepability of the aspect ratlio 3 triangular wing at
the higher angles of attack.

Ames Aeronauticel Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif.
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TABLE I.- GEOMETRIC DATA OF MODELS

NACA RM A53D1k

Wings

Aspect ratio i 3 2 2 2
Taper ratio 0 o, 0 «20 «33
Area, sgq ft 312.50 |313.76 {312.50 301L.20 (27777
Span, ft 35.36 { 30.65 | 25.00 oh.52 | 23.57
g, £t 11.78 | 13.65 | 16.67 k.11 | 12.77
Flap area (total mov=- 3743 | 37.43 | 37.4k4 37.43 | 37.43

able), sq £t :
Flap chord, ft or 1.96 1.96 0.208he 1.96 1.96

fraction c |

Horizontal tails

S¢/s 0.246} 0.245f 0.246 0.255| 0.277
by/b 521 602 .738 752 .82
14/ (moment center 1.735f 1.550] 1.161 1.584 1.716

given in table IV) .
Aspect ratio hoh hoh L. L bk b
Taper ratio L6 A6 U6 16 16

Fuselage
Length, ft 56.16 | 56.16 | 56.16 56.16 | 56.16
Maximum diameter, £t k. kg hoho L. kg .49 h.ho
Fineness ratlo ' 12.5 12.5 12.5 12.5 12.5
Vertical taii

Exposed area, sq ft 52.5T | 52.57 | 52.57 5257 | 5257
Aspect ratio 1 1: 1 1 1
Tgper ratio 0 o 0 0 0
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h TABLE II.- COORDINATES CF THE MODIFIED NACA 0005 SECTION

Statlion, Ordinate,
% c c
0 o]
1.25 . 789
2.50 1.089
5.00 1.k81
T.50 1.750
10.00 1.951
15.00 2.228
20.00 2.391
25.00 2.476
30.00 2.501
ko.00 2.419
.. 50.00 2.206
60.00 1.902
67.00 1.650
T70.00 1.500
80.00 1.000
90.00 500
100.00 o]
i L.E. radius: 0.275%c
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TABLE III.~ REYNOLDS NUMBERS FOR THE VARIOUS MODELS

Aspect ratio

Teper ratio

Reynolds number

i

0.20

0.33

10.9x10°€

12.8x10°%
1k.6x10°
13.0x10°%

11.Lkx10®

W

TABLE IV.- CENTER=-CF-GRAVITY LOCATIONS FCOR THE

VARTOUS MCODELS WITH THE HCRIZONTAIL TATILS

Aspect ratio | Teper ratio Cen§er-of-gr;véty location,
b 0 40.8
3 0 43.6
2 0 ho.6
2 0.20 36.9
2 0.33 33.8
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Figure 1.- Geometric details of the models.  ~aB~
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Figure 2.- The espect,ratio ¥, triangular-wing model ag mounted in the
Amep 40~ by 80-foot wind tunnel.
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(c¢) Aspect ratio 2, triengular wing.

Figure 13.- Continued.
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